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1

CONTROL SYSTEM OF INJ ECT ION MOLDING
MACHINES

This is a contlnuatlon of application Ser. No. 583,327,

filed Feb. 24, 1984, which was abandoned upon the
| fihng hereof. |

BACKGROUND OF THE INVENTION

This invention relates to a control system of an injec-
tion molding machine, and more particularly to a con-

trol system of an injection molding machine wherein an

operator can directly observe various parameters of the
- molding condition, can correct the parameters, can set
them from outside and can display them.

- FIG. 1 1s a block diagram showing the steps of one
-molding cycle of a plastic injection molding machine.
On the upper row of FIG. 1 are shown the steps of

~ injection and plastic filling, pressure holding, and me-

tering effected by the injection molding machine, while
the lower row shows the steps of mold clamping, mold
.cooling, mold opening and product takmg out executed
on the side of a metal mold.

When molding various products with an 1n_1eotlon'
molding machine, as shown in FIG. 1, the molding

4,674,053
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In recent years, instead of using an operating panel
provided with digital switches, a system utilizing a
cathode ray tube (CRT) display device has been used.
This system, however, is not only expensive, but also
the screen of the CRT can display only divided pictures
formed by dividing the operating panel into 2 number of
sections. Moreover, when setting or correcting values
of respective divided sections with operating keys, it is
necessary to move a cursor to a portion, and then input
data with a key. Accordmgly, where there is much data
to be corrected or set, since it is necessary to select a
divided section, to move the cursor and to input data

- with keys, the operator can not immediately correct and

15

20

set the molding data.

Where a write pen is used for the CRT display de-
VICe, it is not necessary to use a key for inputting data to
move the cursor, but such system is also expensive and

must use divided sections and data input keys.

For simplifying the operation, it is advantageous to
install the CRT display device near the injection mold-
ing machine together with the operating panel, but

- where the CRT is installed near the molding machine, it

25

~conditions of the products are influenced by a number

of physical parameters such as temperature, pressure,
speed or position and the type of resin at respective
steps, so that in order to obtain satisfactory products it
is necessary to correctly determine the values of many
discrete parameters. For this reason, it has been neces-
sary to determine the molding conditions necessary to
obtain satisfactory products by using past experlence as
well as results of repeated tests. |

In order to determine best molding conditions in the
- prior art, digital switches corresponding to such param-
eters as the temperature, pressure, speed, position, etc.
regarding the molding conditions were mounted on a
control panel having graphically depicted setters for
respective parameters and display devices. With this

will be destroyed by vibrations or shocks as well as high
temperatures. |

SUMMARY OF THE INVENTION

Accordingly, it is a principal object of this invention

- to provide an improved control system for an injection

30

35

40

construction, the operator corrects the values of respec-

tive digital switches according to the result of cut and
try tests. With such a prior art method, however, the

operator must manually correct the data regarding the

parameters, so that in a system utilizing digital switches,
settings and displays are done simultaneously by the
operator. Such a method does not cause any serious

45

problem where fixed data are set and displayed, but itis

impossible to directly display (load performance) mold-
ing data rear out from a external memory medium on
the operating panel without relying upon correction

operations of respectwe switches performed by the-

operator.
Thus using a method wherein moldlng data for satis-
factory products are obtained by a series of cut and try

tests, and where the data of the digital switches on the

20

molding machine capable of eliminating various defects
described above. | |

Another object of this invention is to provide a con-
trol system of an injection molding machine capable of
readily correcting data. | -

Still another object of this invention is to provide a
control system of an injection molding machine in
which molding data can be mutually transferred be-
tween a data memory device in the control system and
an external memory device and can be displayed so that
the operator can readily prepare molding data for new
molded products.

According to this invention, there is provided a con-

- trol system of an injection molding machine of the type

including a data setting unit for setting molding data
corresponding to injection and mold clamping opera-

tions of the injection molding machine, and a control
“device which i response to data set in the data setting

unit forms an instruction signal which controls the in-
jection and mold clamping operations, wherein there

are provided a central processing unit including a main
memory region storing the molding data; display means
connected to the central processing unit for displaying
the content of the main memory region; setting means

for setting numerical data in the main memory region;

~ and a setting inputting switch associated with the set-

3>

operating panel are corrected, the contents and settings

of the digital switches before correction by the operator
are lost. Thus, 1t 1s necessary for the operator to record
the contents of the dlgltal switches each time a test is
made.

Lack of stor’mg performance regarding the molding
data prolongs and complicates the process of the cut
~and try method wherein various parameters are cor-

~ rected from time to time, products corresponding to the

corrected parameters are molded and the parameters

60

65

“are corrected by observing correlations between vari-

ous molding data and molded products.

ting means, the switch being located near a display unit
of the display means.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a block diagram showing various steps
executed by an injection molding machine; _

FIG. 2 1s a block diagram showing one embodiment

of the ¢ontrol system according to this invention;

FIG. 3 is a block dlagram showing a central process-
Ing unit;

FIG. 4 is a front view showing a panel including a
timer setting display unlt and data transfer instruction
apparatus
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FIG. 5 is a front view showing a production schedule
setting display panel,;

FIG. 6 is a front view showing a molding data setting
panel;

FIG. 7 is a front view showing a molding data setting
display panel utilized at various steps of a mold clamp-
Ing operation;

FIG. 8-(1) shows a data setting panel mounted on
respective panels; o

FIG. 8-(2) is a connection diagram showing the detail
of the data setting panel;

FIG. 9 is a flow chart showing successive steps of the
molding operation;

FIG. 10 is a flow chart showing the detail of the mold
clamping steps shown in FIG. 9;

FIG. 11 is a flow chart showing the detail of the
plastic filling and the metering steps shown in FIG. 9;

FIG. 12 is a flow chart showing loading and storing
routines of the molding data; and

FIG. 13 1s a flow chart showing a routine regarding
processings corresponding to push button operations
and key inputtings of the molding data setting display
panel.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A preferred embodiment of this invention will now
be described in detail with reference to the accompany-

~.ing drawings.

-~ As shown in FIG. 2, there is provided a setting dis-
- play panel 11 including data display units regarding
.. injection molding steps of an injection molding machine
and data setting and inputting units located near respec-

tive display units. The display units are arranged such
that an operator can confirm the progress of the injec-

~tion molding operation while observing the display
units. There i1s also provided another setting display
- panel 12 including data display units regarding the
.. metal mold clamping steps of the molding machine and
- data setting inputting units. Display units of setting
- display panel 12 are arranged similar to those of the

-setting display panel 11. The details of these setting
display panels 11 and 12 are shown in FIGS. 6 and 7,
respectively. The display panels 11 and 12 are con-
nected to a bus line BUSI1 respectively through inter-
faces 13 and 14. A central processing unit (CPU) 15 is
connected to the bus line BUSL1 and a nonvolatile
memory device RAM, not shown, 1s backed up by a
battery 16. In a data memory area DA-M in the RAM
are stored molding data for injection operation and
mold clamping operation given by respective setting
input untts of setting display panels 11 and 12, outputs of
A/D converters 17 and 20 respectively connected to
input units 18 and 19 of the molding machine, as well as
data to be processed by output units 21 and 24, a se-
quencer 23 and a common RAM 25. Also in the central
processing unit 15 are stored a program group process-
ing the data stored in a program memory area PR-M in
a ROM.

The input unit 18 forms input signals related to the
injection operation, and an A/D converter 17 converts
analogue signals produced by the input unit 18 into
digital signals. The input unit 18 comprises, for example,
a sensor 18A for detecting the injection pressure, a pulse
scale 18B for detecting the screw position during injec-
tion, and rotation meter 18C for detecting the number
of revolutions of a screw which is necessary to measure
the quantity of the plastic injected. As above described,

10
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the input units 18 and 19 respectively comprise an input
group and an A/D converter for forming input signals
relating to the mold clamping operation. Thus, for ex-
ample, the input unit 19 comprises a mold clamping
pressure sensor 19A and a pulse scale 19B for detecting
the position of the movable metal mold.

The output units 21 and 24 form a group of output
signals directly related to the injection operation and
the mold clamping operation, for example instructions
to an electromagnetic flow quantity control valve and a
relief valve, the instructions being converted Iinto ana-
logue signals and then applied to a valve 21A provided
on the injection side and to a valve 24 A provided on the
mold clamping side. The sequencer 23 sends step trans-
fer instructions between respective steps shown in FIG.
1 to the central processing unit 15 via an input/output
circuit (I/0) 22. Also the sequencer 23 1s supplied with
output signals from limit switches or the like associated
with the molding machine (M/C) 30 for controlling the
interlocking relation among these signals.

The common RAM 25 1s provided for the purpose of
deriving out molding data represented by the display
signals of the two setting display panels 11 and 12 from
the data memory area DA-M of the central processing
unit 15. Furthermore, the common RAM 25 1s used as a
buffer memory device which temporarily stores a group
of molding data corresponding to a metal mold and
stored in a subprocessing unit 26 and then transfers the
molding data to the data memory area DA-M of the
central processing unit 15. A group of the molding data
in the subprocessing unit 26 and corresponding to the
metal mold may be prestored in such nonvolatile mem-
ory device as a ROM.

Alternatively, an external memory device such as a
magnetic tape 32 may be connected to the subproces-

sing unit 26 so as to temporarily store the data of the
magnetic tape 32 in a data memory RAM in the sub-
processing unit 26. It is also possible to read out the
molding data to the magnetic tape 32 from the subproc-
essing unit 26. The nonvolatile memory device RAM in
the subprocessing unit 26 is supplied with power from a
battery 33. There are also provided a printer 27 and an
interface 37 for printing out data stored in the common
RAM 25 via a bus line BUSL2. A production supervi-
sory information setter 28 is connected to the bus line
BUSL?2 through an interface 35. The production super-
visory information setter 28 is set with a designation
information of the metal mold and the number of shots
of the products molded with the mold. A timer setting
display unit 29 is provided with a switch for data load
designation and displays a molding cycle time of prod-
ucts manufactured by a metal mold, an injection time,
and a period in which air is flashed against the metal
mold. The timer setting display unit 29 1s connected to
the bus line BUSL2 via an interface 36. At the time of
loading data in the unit 29 the molding data transferred
to the common RAM 25 from the RAM of subproces-
sing unit 26 are loaded in the data memory area DA-M
of the central processing unit 15. Furthermore, the unit
issues an instruction for transferring the molding data
from the memory area DA-M of the central processing
unit 15 to the common RAM 25.

At the time of setting the timer, should the timer time
exceed a preset time (for example, one molding cycle
time), it 1s judged that this condition corresponds to an
overtime condition so that an overtime instruction is
given to a sequencer 23A via an interface 34 to cause the
sequencer 23 to send a necessary instruction (for exam-




4,674,053

S

ple, an alarm instruction) to the molding machine 30A.
A temperature setting display unit 27 having a construc-
tion similar to the setting display panels 11 and 12 and
included in a temperature controller 38 is connected to
a bus line BUSL3 via an interface 40. The temperature
setting display unit 42 further includes a temperature
adjuster, not shown, for controllmg a heater tempera-

ture. The bus line BUSL3 is connected to the common

RAM 25 and another subprocessing unit 39. The tem-
perature setting display panel 42 is constructed to be set
with digital values of the temperatures at various por-
tions of the molding machine 30 and to receive the

- molding machine signals regarding temperature control

of various portions thereof through an interface, for
example the temperature of oil of an oil pressure unit

3

10

15

and the temperature of the molten plastic in the injec-

tion cylinder. The subprocessing unit 39 includes a

RAM temporarily storing data regarding the tempera-

ture of the molding machine and a ROM storing a pro-

cessing program regarding temperature control.

- FIG. 3is a block diagram showmg the principal con-
struction of the central processing unit 15 in which 51

- represents a program memory area PR-M storing a

20

~ group of instructions for controlling the operation of a -

CPU 38. 52 represents a portion of a data memory area
DA-M and used as a flag signal memory corresponding
to the presence or absence of a termination signal or

- starting signal of respective steps shown in FIG. 1, the

signals being applied from the sequencer 23 via the bus
line BUSL1. In accordance with the flag bits corre-
sponding to respective steps stored in the flag signal
memory area a group of instruction programs in the
program memory area 51 are made effective. For exam-
ple, in the injection steps shown in FIG. 1, when the
flag bit regarding plastic filling changes to “1” from
“0”, a group of instructions corresponding to the filling
step are made effective in a memory area 51, and these
instructions are sequentially executed by the CPU 58.
While the instructions are being executed, data neces-
sary for executing the instructions are sent to the CPU

' 58 from the memory area 53 in the data memory area

- DA-MJS2A. When the flag bit corresponding to the
mold clamping step shown in FIG. 1 changes to “1”
- from *“0”, the instruction program regarding the mold
clamping step and stored in the memory area 51 is made
effective. Thus, the data is sent to the CPU 58 from a
data memory area regarding the mold clamping and
stored in the data memory area. A memory area 55 is
- provided to store code data inherent to a specific metal
mold and to check whether the molding data stored in
the data memory areas 53 and 54 correspond to the
specific metal mold or not. More particularly, molding
data regarding a given metal mold and given through
the common RAM 25 shown in FIG. 2 are stored in
‘memory areas 53, 54 and 55 in the data memory area
52A. Where an actual metal mold is combined with the

25

30

6

Operated based on this data but without molding plastic,

- thus enabling a checking whether the machine can op-

erate normally before its normal operation. The test
data memory device may be a nonvolatile memory
device. A test program is stored in the program mem-

ory area 51 correSpondmg to the test data memory

device.

FIG. 4 shows a detail of the front surface of the set

. display unit 29 shown in FIG. 2. On the right side of

FIG. 4 are mounted switches regarding a data loader. A

transfer switch 101 is operated to select a case (PROD-

UCT) wherein products are continuously manufac-
tured, a case (PRINT) in which the molding data are

“printed out, and a case (DATA) wherein the molding

data are transferred to the central processing unit 15 to
be stored in the data memory area DA-M thereof or
wherein the data are transferred to the comon RAM 25
from the memory area DA-M. A setter 102 is provided

for setting the number or code of the molding data

corresponding to a given metal mold. FIG. 4 shows a
state in which the setter 102 is set to a molding number
25. The setter 102 inciudes push button switches 106

and 107 for UP and DOWN respectively. These
- switches are constructed such that each time when the

push button 107 is depressed under a state shown in the
drawing, the displayed digits decrease in an order of

. 5—»4—>3—2—1-—-0—9 .,

Push button sw1tches 103 104 and 105 are pmwded
for starting a typewriter, for loading data from the com-
mon RAM 25 into the data memory area DA-M of the

~ central processing unit 13, and for transferring the con-

33

40

45

30

33

molding machine and a code specific to the metal mold

1s read, the CPUS8 judges whether the read code and a
code stored 1n the memory coincide with each other or
not. This check program is stored in the process pro-
gram area 51 and constitutes one of the conditions for

starting the molding cycle. A test data memory device
56 comprises data memory areas 57 and 59 respectively
- corresponding to memory areas 53 and 54. The data
stored 1n the memory areas 53 and 54 are used to exe-
cute normal operation of the molding operation. Ac-

cordingly, where a test data is prepared and stored in

the data memory device 56, the molding machine can be

60

tent of the data memory area DA-M to the common
RAM 25. Switches 108 and 109 are provided for gradu-
ally bringing the pressure holding transfer position to a
normal position L.S4 by considering the fact that the
screw position of the molding machine does not yet
reach a steady state immediately after starting the mold-
Ing operation so that the pressure holding transfer posi-
tion i1s selected to a position slightly before a pressure
holding position LS4 which represents that the screw
has reached the pressure holding position. A set value
ALS4 shows the amount of movement or change of the
pressure holding position of the screw corresponding to
one molding shot. Switch 109 sets the amount of varia-
tion APH1 of the pressure held for each shot when the
held pressure is brought to a first held pressure PH1
under the steady state. .

Setter 110 1s provided to set the number of revolu-
tions thereof n to bring the set values to LS4 and PH1
under the normal state by giving n times the set values
ALS4 and APH1. Normally, n is set to be about 100.

On the left side are mounted setters 112, 114 and 116
respectively designated by TR1, TR3 and TR4 for set-
ting an injection time, a metal mold cooling time, and a
time required for discharging a molded product from a
metal mold. Setters 113, 115 and 117 respectively desig-
nated as TR20, TR41 and TR42 set a molding cycle
time (a time required for molding one product, and a
time of air blow when the molded product is removed
from stationary and movable metal mold). Counters 111
are mounted on the upper portion of the panel for
counting and displaying intervals following the start-

- ings of operations of respective setters 112-117. Fur-

65

- thermore, when a push button 111A is depressed an |

actual cycle time of the prevmus moldlng shot is dis-
played.
A plurallty of push button switches 118 are provided

for i1ssuing start instructions of a molding cycle, a core
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driving instruction, and an energy saving instruction
(which 1s used to actuate a mechanism that can produce
a sufficient clamping force even when an oil pump 1s
unloaded at the time of mold clamping). A coupling 119
is provided for the printer 27. (See FIG. 2)

F1G. 5 shows the detail of the panel surface of a set
display unit that sets and displays instructions regarding
a production programming. In FIG. 5, 131 and 132
designate display units that designate present and next
molding data numbers and include a luminous element
131A. When the luminous element 131A 1is lighted, the
molding data numbers are displayed on display units
135 and 136. Designators 133 and 134 sequentially des-
ignate serial numbers for molded products when the
luminous element 133A is lighted at the time of prepar-
ing a production schedule so as to set molding data
numbers in setting display units 135 and 136 at the lower
stage corresponding to the serial numbers.

Furthermore, a setting display unit 137 is provided
for setting and displaying the number of products pre-
pared in accordance with respective molding data at the
time of preparing the production schedule. A display
unit 138 is provided for displaying the number of not yet
molded products while executing molding operations of
products of a given type.

Display units 139 and 140 are provided with luminous
elements 139A and 140A respectively which display
termination of manufacturing of the products of one
- type as well as a condition in which molding data of

- another type can be loaded. A group of instruction push

- buttons 141 are utilized for setting data regarding the
- production schedule in which a push button BUILD is

- utihized for sequentially setting the sequence number

and the molding data number in the setting display units
135 and 136. A push button INTR 1s used for inserting

a new sequence number and a new molding data num-
~ ber 1nto a series of sequence numbers and molding data

.. numbers previously set. Push buttons CHANG and

- DELET are used for changing and deleting previously
- set sequence number and a molding data number. Fur-
- thermore, push buttons 142 and 143 are used for return-
- 1ng a sequence number to the original number at the
time of preparing a schedule, and for storing a set of
sequence numbers, molding data and the number of
products in the data memory device.
- FIG. 6 1s a front view showing an operation display
panel mounted -with setters of the molding data con-
cerning respective steps on the injection side, that is
plastic filling, pressure holding and metering steps
shown in FIG. 1. At the bottom stage shown in FIG. 6
are provided setters of screw positions. Beginning with
the left side setters, 151 and 152 are used to set cushion-
ing quantity at the fore end of the screw, the cushioning
quantity being given as a variation widths LC (low
cushion state) and HC (high cushion state) with respect
to the reference position of the screw front end SC.
During a molding cycle, so long as the screw position
lies in a dotted line area immediately before starting the
metering step, no alarm signal would be issued. 157

8

from the front end of an injection nozzle when the
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designates a setter for a retracted limit position (LSS) of 60

the screw, while setters 154, 155 and 156 represent
reference positions issuing speed signals corresponding
to the stroke of the screw during the filling step. An-
other setter 153 designates a position at which filling
step 1s transferred to the pressure holding step. Setter
158 represents the extent of injection nozzle retraction
generally called “SUCK BACK”. When this quantity is
given, it is possible to prevent leakage of the plastic

635

nozzle 1s separated away from the metal mold.

On the second stage from bottom are mounted screw
speed setters 165, 163, 162 and 161 giving speed set
values of the screw between respective position setters
157, 156, 155, 154 and 153 during the filling step. A
setter 160 sets the degree of opening of an electromag-
netic flow control valve while the plastic pressure is
maintained at a predetermined value. In other words,
the setter 160 designates the flow quantity during pres-
sure control when the step is switched from filling step
to pressure holding step. A group of lamps 165 are
provided including a scale error lamp for displaying an
abnormal condition of a screw position detector, a lamp
which is lighted when the number of revolutions of the
screw exceeds a maximum value and a lamp lighted
when the stroke exceeds a maximum value inherent to
the screw and when the value LSS 1s set. A setter 166 is
provided to display the number of rotations of the
screw, in %, during the metering step set for the maxi-
mum number of revolutions (r.p.m.) of the-screw, while
a unit 167 displays the actual number of revolutions of
the screw detected by a screw speed detector. A pres-
sure increase instruction push button 179 is provided for
increasing the injection speed set by setters 161-164. A
switch 168 is provided for enabling UP and DOWN
switches provided on the upper and lower sides of re-
spective data setters on the panel shown in FIG. 6.
When a switch 168A 1s not depressed, right hand dis-
play switch 168B is enabled to cause it to perform only
a cycle display, thereby preventing set data from chang-
Ing as a result of careless contact. There are also pro-

vided a display unit 169 displaying the actual position of
the screw, a pressure setter 170 operated at the end of

the filling step (Final Packing Control - FPC), a setter
171 for setting, in %, the back pressure during the me-
tering step (that 1s the screw is retracted while rotating),
a setter 172 setting the actual pressure during the injec-
tion stroke in which the screw advances, a setter 173 for
setting, in %, the injection pressure with reference to a
predetermined maximum value. More particularly, the
pressure display unit 172 displays the injection pressure
as a back pressure during the injection stroke in which
the screw moves forwardly. Setting display units 174,
175 and 176 set and display the pressure held under the
pressure holding state. Upon completion of the injec-
tion state, the pressure is maintained at a first pressure
PH1, then at a second pressure PH2 and finally at a
third pressure PH3. Like the percent display of the
setter 173, actual values of these pressures are displayed
by display unit as the back pressure of the screw. Hold-
ing times of the first and second pressures are set in
setting display units 177 and 178 in terms of seconds.

FIG. 7 shows the detail of the setting display panel 12
for setting instructions regarding the operation on the
side of the mold clamping device shown in FIG. 1. As
shown, there are provided setting display units 201 and
202 for setting low and high mold clamping pressures in
terms of percentage with reference to a predetermined
maximum pressure.

203 shows a display unit displaying an actual posttion
of a movable die plate carrying the movable metal
mold. When a zero setting push button 204 is depressed,
when male and female metal molds are aligned and
when these molds are clamped with a predetermined
pressure, a zero 1s set in the position display unit 203. A
reset push button 205 is provided for erasing the dis-
played position of the movable die plate. 206 shows set
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display region of a stroke at which the movable die
plate 1s clamped during the mold clamping step. L.S2 of
the setting display unit 207 represents a position at
which the male and female molds are closed. Setting
display units 208, 209 and 210 respectively display posi-
tions LS2A, LS2E and LS2D. Between the positions
LS2, LS2A, LS2E and LS2D the movable die plate is
moved at a low speed 211, a high speed 212 and a me-
dium speed 213 respectively. A speed setting and dis-
play unit 214 sets a high speed between position LS2D
and a retracted position LS3 (225) to be described later.
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line, 8 lines thereof being connected to the central pro-
cessing unit 15 (FIG. 2) via a first converter 258. In the
same manner, there are provided UP and DOWN
switches 251 and 233 for digits of the second order, digit
display device 252 comprising seven luminous elements
and a common bus line C2, eight lines thereof being
connected to the central processing unit 15 via a second

converter 259. The first and second converters 258 and

259 select display device 232 or 255 by designating bus
lines C2 and C1 at independent timings from the central

~processing unit 15. A switch detector 257 is constructed

Speed setters 212 and 213 set a high speed and a medium

speed respectively in the case of a three piece type metal
mold, but in the case of an ordinary two piece type
- metal mold, the medium speed set by the speed setter
213 is effective. A display unit 2135 displays a set display
region regarding a mold opening stroke. As shown,
position setting display units 221, 222, 223, 224 and 225
are set with positions LS3A, LS3D, LS3E, L.S3B and
L.S3 respectively at which speeds are transferred corre-
sponding to the speeds set by speed setters 216, 217, 218,
219 and 220 respectively during the mold opening
stroke. The male and female molds are moved from
mold clamping position LS2 to position L.S3A while
they are closed, and at position LS3A the male mold
usually carried by the movable die plate begins to sepa-
rate away from the female mold. Position setting dis-

~ play units 226, 227 and 228 located at the lowermost

stage of the display panel set operation starting instruc-
tions (LLS100) for a core inserting position, a core with-
drawal position and a molded product take out position.
On the left side of the display panel 12 are mounted a
- setter 229 for operating a pin pushing out the molded
product from the metal mold, and a mold thickness
information setter 230 necessary for automatically set-
ting a retraction limit position of the movable die plate
~necessary for exchanging the metal mold for the pur-

pose of molding another type of products. The setter

229 includes a setting and display unit A which sets a
number of times of the operations of the push out pin

15

to identify that which one of the UP and DOWN

switches 251, 253, 254 and 256 has been operated by

using a low level signal. The central processing unit 15
operates to increment or decrement by one the values of
respective display devices corresponding to the oper-

~ ated switch. More particularly, counting registers R1
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-~operated when the movable die plate reaches the retrac-

‘tion limit position, a setting display unit B which sets
and displays the number of operations of the push out
pin while the movable plate is retracting, and a speed

setting display unit VE which sets and displays the
speed of the push out pin at the time of pushing out the

molded product. The metal mold thickness information

~ setting unit 230 includes a display unit MT which dis-

plays a thickness information of a new metal mold to be
used next, and a display unit MTOLD displaying the
thickness of the metal mold now being used.

FIGS. 8-1 and 8-2 show the detail of the data settmg
unit utilized for each setting display unit of the setting
display panels 11, 12, etc., in which FIG. 8-1 shows a
setting display unit which displays two orders of magni-
tude of decimal numbers. The setting display unit
-~ shown 1n FIG. 8-1 comprises an UP switch 251 which
increments the digits of a display device 252 comprising
seven segments of luminous material, and a DOWN
switch 253 utilized to decrease the values. 254, 255 and
256 designate an UP switch, digit display device and a
DOWN switch which are utilized for digits of the first
order.

FIG. 8-2 shows a connectlon dlagrarn for use in the
setting display unit shown in FIG. 8-1. In FIG. 8-2, 254
and 256 designate UP switches for the first order digits,

255 designates a digit display unit comprising seven

luminous elements, and C1 represents a common bus

45

and R2 are provided for the memory area DA-M of the
central processing umit 15 corresponding to display
devices 252 and 258 respectively. For example, when
UP switch 251 is depressed, the count of register R1 is
incremented by 1, whereas when DOWN switch 253 is

‘depressed the count of register R1 is decremented by 1.~

When switch 251 or 253 is continuously depressed over
a predetermined interval, the count of the register R1

-would be incremented or decremented as +1, +2, +3,

.or —1, —2, —3,.
neglected.

FIGS. 9 through 13 illustrate flow charts of principal
programs stored in the program memory device of the
central processing unit. Thus, FIG. 9 shows a subrou-
tine corresponding to respective steps shown in FIG. 1.
At step 1, the metal mold 1s closed or clamped, at step
2 the plastic 1s filled and injected, at step 3 metering is
performed, and at step 4 the mold 1s opened. At step S
a judgement is made as to whether molding of a product
has ended or not. When the result of judgement is NO, |
the program is returned to step 1. _

FIG. 10 shows subroutines regarding mold opening
and closing. The flow chart shown in FIG. 10 will be

described with reference to FIG. 7. At step 1, a judge-

. Further, a carry or borrow is

“ment is made as to whether the mold has been closed or

not. When the result of judgement 1s YES, at step 2, the
speed VC1 of the movable die plate is instructed. Then
at step 3, a judgement is made as to whether the mov-
able die plate has reached position LS2D (sensed by a

- sensor not shown) or not. When the result of judgement

50

53

at step 3 1s YES, at step 4 the speed of the movable die
plate is changed to VC2. Then at step 5, a judgement is
made as to whether the movable die plate has reached
position LS2A. When the result of judgement is YES, at
step 6 the speed of the movable die plate is transferred
to a low speed and at step 7, a judgement is made as to

‘whether the movable die plate has reached a stop posi-

tion LS2 or not. When the result of judgement of step 7
is YES, a boost instruction is issued at step 8 so as to

‘urge the movable die plate against the stationary die

plate with a sufficient force so as to prevent splash of

- the plastic as well as pressure drop when the plastic is
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injected into the mold. At step 1 when the mold is not
vet closed, at step 9 a pressure decrease instruction is
issued, and then at step 10 the movable die plate is
moved to position LL.S3A at the low speed 1n accordance

~with a low speed instruction. At step 11 a judgement is

made as to whether the position is LS3A or not, and
when the result of judgement is YES, at step 12 the
speed of the movable die plate is changed to a high
speed VO1 to reach position LS3D. At step 13 a judge-
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ment 1s made as to whether the movable die plate has
- reached position LS3D. When the result of judgement
1s YES the speed of the movable die plate is changed to
a high speed VO2, where setting display unit 223 is not
operated. At step 15 a judgement is made as to whether
the movable die plate has reached position LS3B or not.
When the result of this judgement 1s YES, at step 16 the
movable die plate i1s moved at a low speed so as to move
the movable die plate to a retracted position LS3 at
which the movable die plate is stopped. When the result
of judgement at step 17 is YES, the processing of the
program is terminated. It should be understood that, in
the flow chart shown in FIG. 10, settings of positions
[.S3M, LS30 and LS100 are omitted.

FI1G. 1115 a flow chart showing the steps executed on
the injector side, that is an injection and filling step, a

10

15

pressure holding step and a metering step. Thus, at step

1 a judgement 1s made as to whether an instruction is an
injection filling instruction or not. When the result of
step 1 is YES, steps 2 through 9 regarding injection,
filling and pressure holding are executed, whereas when
the result is NO, metering steps 17 through 21 are exe-
cuted. When the result of step 11s YES, at step 2 a count
start instruction of the injection time TR1, an injection
pressure (Pi) instruction and a first injection speed Vil
(the speed of the screw) instruction are issued. Conse-
quently, the screw 1s moved from position L.S5 shown
in FIG. 6 (setting display unit 157), and at step STP3 a
~ judgement is made as to whether the screw has reached
~ position LS4A. When the result of step 3 1s YES, at step
. 4 the screw speed is changed to second speed V3.
When the result of step 3 is NO, the judgement is re-
peated. At step 5 a judgement 1s made as to whether the
screw has reached position LS4C. When the result of
judgement 1s YES, at step 6 the screw speed is changed
to third speed V3. At step 7 a judgement is made as to
whether the position 1s LS4C or not. When the result of
step 7 1s YES, at step 8 the screw speed is changed to

'Vi4. At the last step 9, a judgement is made as to
~ whether the posmon 1s LS4 or not. When the result of
_}udgement at step 9 1s YES, the program is transferred
to pressure holding steps 10 through 16.

More particularly, at step 10, although the screw is
actually stopped, a valve flow quantity to a screw driv-
ing cylinder is given so as to set the degree of opening
of the valve such that propagation of pressure would be
smooth. At step 2 first holding pressure PH1 is made
effective and starting of counting of the interval TRH1
in which the pressure PH1 1s maintained is instructed.
(See setting display units 174, 177 shown in FIG. 6).
When the interval in which the pressure is held elapses
the set period TRH]1, at step 12 a judgement is made as
to whether TRH1 is time out or not. When the result of
judgement at step 12 1s YES, at step 13 a second holding
pressure PH2 is made effective and counting of the
holding time is started. In the same manner, as the set
time TRH2 has elapsed, at step 14 a judgement is made
as to whether TRH2 is time out or not.

Then at step 15 a third holding pressure PH3 is made
effective. Then at step 16 a judgement is made as to
whether already set injection time TR1 has elapsed or
not. When result of judgement at step 16 is YES, the
pressure holding step terminates.

When the result of judgement at step 1is NO meaning
a metering step, at step 17 the number of revolutions
SRR of the screw set by the setting display unit 166 is
made effective, while at the same time, the back pres-
sure value BP set by the setting display unit 171 is made
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effective. During the metering step, the screw is re-
tracted to move away from the mold while rotating.
When the screw reaches the retract limit position LSS
given by setting display unit 157 shown in FIG. 6, at
step 18 a judgement 1s made as to whether the screw has
reached the position LS5 or not. When the result of this
judgement is YES, at step 19 a judgement is made as to
whether a suck back quantity L.S10 has been applied or
not. When LS10=0, it means that the metering step has
terminated. When the result of judgement at step 19 is
NQO, that is a suck back quantity is set, at step 20, a
certain amount of suck back is applied. At step 21, a
judgement is made as to whether 1.S10=0 or not. When
the result of judgement is YES, it means that the meter-
Ing step has been completed.

FIG. 12 shows a flow chart of an instruction routine
(LOAD/STORE ROUTINE) regarding the data trans-
fer in which the molding data is transferred or loaded in
the data memory area DA-M of the central processing
unit 15 from the subprocessing unit 26 or vice versa.
The flow chart shown in FIG. 12 will now be described
with reference to FIG. 4. Data loading is enabled when
switch 101 shown in FIG. 4 is transferred to the DATA
side. More particularly, as a result of this transfer
switching an interruption instruction is issued. At step 1
a Judgement 1s made as to whether UP and DOWN
switches 106 and 107 corresponding to a predetermined
data necessary for the setting display unit 102 to set a
molding data number corresponding to a given product
are ON or not. At step 2 a judgement 1s made as to
whether an operated switch 1s an UP switch or a
DOWN switch. When the result of judgement at step 2
1s YES, that is when the UP switch 106 is ON, at step 3
a displayed value 1s incremented by 1. On the other
hand, when the result of judgement at step 2 is NO, that
1s when the DOWN switch 107 is ON, at step 4, the
displayed value is decremented by 1. Then at step 3, a
Judgement is made as to whether loading key 104 is ON
or not, and when the result of judgement 1s YES, at step
106, the molding data set by the subprocessing unit 26
are read out from the magnetic tape (MT) device 32 and
written into common RAM2S, and a LOAD FLAG bit
1s established. Then at step 7, by the operation of the
central processing unit 15, the molding data in the com-
mon RAM2S are loaded in the data memory area
DA-M of the CPU1S, and displayed on setting display
panels 11 and 12, and the . OAD FILAG bit 1s released.
When the result of step 5 1s NO, at step 8 a judgement
1s made as to whether a STORE key 103 has been de-
pressed or not. When the STORE key 103 is not de-
pressed, the program is returned to step 1. When the
result of judgement of step 8 is YES, at step 9 molding
data stored in the data memory area DA-M of the cen-
tral processing unit 15 and a data number corresponding
to the molding data (set by 12) are written into the
common RAM25, and a STORE FLAG bit is estab-
lished. Then at step 10, the molding data and the data
number are transferred from the common RAM2S to
the data memory device of the subCPU26 and the
STORE FLAG bit 1s released.

FIG. 13 1s a flow chart showing processing routines
of respective setting display units on the setting display
panel.

When UP or DOWN switch and a selection switch
provided for each setting display unit are depressed, an
interruption is executed. At step 1, an address corre-
sponding to a switch requesting an interruption is
searched. Where the searched switch is an UP switch,
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at step 2 the content of a register corresponding to the
UP switch and stored in the data memory device in the
central CPU1S is incremented by 1. On the other hand
when the result of search executed in step 1 shows a
DOWN switch, at step 3 the content of a register corre-
sponding to the DOWN switch is decremented by 1.
Where a switch requesting interruption is another

switch or key, at step 4 a processing corresponding to

the depressed switch or key 1s executed. Regarding the
‘setting display panel on the injector side, the switch or
key corresponds to KEY, ENABLE, DISP of setter
168 or BOOST, and ALARM related to the injection
~ quantity of setter 179 or a FPC push button for the final
packing control (FPC). When push buttons 179A and
179B corresponding to FPC and AL ARM are de-
pressed to establish FPC and ALARM states, lamps
~ (shown by small circles) of the display units are lighted.
Although not shown in the flow chart shown in FIG.
13, the displays in display areas, for example 172, 167
and 169, of the setting display panel are made by con-
verting signals from respective sensers into digital val-
ues with an A/D converter and then storing the digital
values in corresponding registers of the data memory
device in the central processing unit 15 and then light-
ing luminous elements at proper timings by the stored
values. The timings of displays have cycles of several
milliseconds to several tens milliseconds for displaying
different objects on different display devices. Then the
operator can observe displayed matters.
. The correspondence between the molding data and
the metal molds mounted on the injection machine will
now be described. It 1s essential to confirm the fact that
the molding data stored in the central processing unit 15
exactly corresponds to a specific mold mounted on the
molding machine before starting the same. Although
there are many methods of confirmation, according to
one method a code setter is provided for the mold so as
- to check correspondence between molding data and the
mold before mounting the same on the injection mold-
~ Ing machine. According to another method, while the
- mold is being mounted on the injection molding ma-
chine the molding data are selected on the basis of the

...mold code and then loaded. According to still another

method, the mold code 1s incorporated in the molding
~ data as a portion thereof, the mold data are stored in a
data memory device and a check program is stored in
the program memory device of the central processing
unit 13. Although in FIG. 2, the timer setting, data
loading and setting display unit 29 is connected to the
common RAM25 through bus line BUSL2 except
101-107 and 119 shown in FIG. 4, other elements may
be connected directly to the bus line BUSLI through
interface 1/F36.

As above described, according to this invention, a
data setting display panel is provided regarding the
molding data of an injection molding machine, push
buttons that can instantaneously correct the displayed
data are provided in respective display regions of the
setting display panel and a data memory device is pro-
vided for storing actually displayed data so that the data
can be corrected much more easily than a prior art
system. Moreover, since the content (that is molding
data) of the data Memory device is constantly displayed
on the setting display unit, it is possible to load molding
data into the data memory device from outside thereof
and to display the loaded data. Moreover, as it is possi-
ble to transfer and store the content of the memory
device in an external memory device, at the time of
molding new products the operator can readily prepare
the molding data without using troublesome cut and try

method. Moreover, when molding data are prepared,
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they can be stored in an external memory device. Also,
it 1s possible to manufacture molded products by trans-
ferring the molding data that have been stored in the
external memory device to the data memory device.

What 1s claimed is:

1. A control system for an injection molding machine
of the type including a data setting unit for setting mold-
Ing data corresponding to an injection operation and a
mold clamping operation of said injection molding ma-
chine, and a control device which in response to data set
in said data setting unit forms an instruction signal
which controls said injection and mold clamping opera-
tions, comprising: -

a central processing unit including a main memory

region storing said molding data;

dlSplay means connected to said central processmg

unit for displaying the content of said main mem-
ory region;
setting means for setting numerlcal data in said main
- Memory regmn and

a data display unit including a plurality of luminous
display elements adapted to display said numerical
data to a predetermined order of magnitude; a
plurality of up/down switches, each corresponding
to a respective order of magnitude and disposed
close to a corresponding luminous display ele-

- ments; and data setting display means with termi-
nals for connecting signal lines necessary for driv-

- Ing said data display unit to signal lines which de-
tect ON/OFF states of respective switches.

2. The control system according to claim 1 wherein |
said setting means comprises a Common memory means
connected to said central processing unit and wherein
said control system further comprises means for mutu-
ally transferring said molding data between said com-
mon memory means and said central processing unit.

3. The control system according to claim 2 wherein

‘said setting means comprises a subprocessing unit con-

nected to said common memory means; said subproces-
sing unit comprising a data memory means for storing
sald molding data and wherein said molding data are
mutually transferred between said data memory means
and said main memory means through said common
memory means in response to an instruction from said
transfer means.

4. The control system according to claim 3 whereing
sald data memory means in said subprocessing unit is
connected to an external memory medium to mutually
transfer said molding data between said data memory
means and said external memory medium.
~ 9. The control system according to claim 3 wherein
another subprocessing unit for temperature control is
connected to said common memory means and wherein
temperature control data are mutually transferred be-

- tween said data memory means of said first mentioned
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subprocessing unit and of said another subprocessing
unit via said common memory means.

6. The control system according to claim 2 further
comprising printing means connected to said common
MEemory means.

7. The control device according to claim 1 wherein
said display means includes luminous elements acting as
numerical value display elements.

8. The control system according to claim 1 wherein
said setting means comprises a setter for setting a pro-
duction schedule designating manufacturing of a plural-
ity of molded products. |

9. The control system accordlng to claun 1 wherein

satd central processing unit comprises means for storing

test molding data.
* % % %k - Xk
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